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Objectives: accurate diagnosis is essential if patients with chronic leg ulceration are to receive optimal treatment. This
prospective study describes the findings of a standardised assessment protocol and the initial management of a consecutive
series of patients with chronic leg ulceration presenting to a single-visit leg ulcer assessment clinic.
Methods: between January 1993 and January 1999, a total of 555 patients (220 men and 335 women of median age 73,
range 28±95 years) with 689 chronic leg ulcers were assessed. Full clinical assessment, ankle:brachial pressure index and
lower limb venous duplex scan were performed according to a standardised protocol and diagnostic and management data
were recorded prospectively on a computerised database.
Results: venous disease alone was responsible for 496 of 689 (72%) ulcers. Isolated superficial venous reflux (SVR) was
identified in 52% of limbs and two-thirds of these had superficial venous surgery. Combined SVR and segmental deep
venous reflux (DVR) was present in 13%, and full-length DVR was present in 33% of limbs. Nineteen (4%) limbs had deep
venous stenosis or obstruction. Overall, superficial venous surgery was performed in 43% and compression bandages or
hosiery alone were applied in 52% of limbs. Mixed arterio-venous ulceration was present in 100 (14.5%) limbs of which 56
had arterial revascularisation, 38 had superficial venous surgery and 23 had compression alone. Fifteen limbs with pure
arterial ulceration had angioplasty (n 13) or simple dressings alone (n 2). Ulceration due to lymphoedema (n 17),
mixed lymphoedema and venous reflux (n 11) and other causes (n 50) were managed by compression, dressings or skin
grafting.
Conclusions: a standardised protocol of clinical and duplex assessment can lead to a diagnosis in 97% of chronic leg ulcers.
Duplex is essential to confirm or exclude potentially correctable venous disease and allow tailored surgical intervention for
those patients who many benefit.
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Introduction
Chronic leg ulceration is a common disorder. Active
leg ulceration requiring treatment has a point pre-
valence of approximately 1.5 per 1000 of the adult
population1 and in adults aged over 65 years, the
prevalence of both open and healed ulcer is up to 36
per 1000.2 Population-based studies using photo-
plethysmography and/or hand-held doppler have
estimated that chronic venous ulceration (CVU) is
responsible for 80% of leg ulcers and the prevalence
of open and healed CVUs is approximately 1% of the
whole adult population.1
The cornerstone to optimal treatment for patients
with leg ulceration is accurate diagnosis. Single-visit
leg ulcer clinics using venous duplex ultrasound
allow rapid non-invasive assessment of the superficial
and deep venous systems and the arterial circulation
which leads to improved diagnostic accuracy. Treat-
ment which is tailored to the aetiology of the ulcer has
been shown to result in increased healing and reduced
recurrence rates.3±5
The aims of this study were to describe (a) the
findings of a standardised clinical and duplex ultra-
sound assessment protocol and (b) the initial manage-
ment of a large consecutive series of patients with
chronic leg ulceration presenting to a single-visit leg
ulcer assessment clinic.4
Methods
Between January 1993 and January 1999, a total of 555
consecutive patients (220 men and 335 women of
median age 73, range 28±95 years) with 689 chronic
leg ulcers were assessed in a single-visit leg ulcer
clinic.1 There were 60 healed and 629 active leg ulcers
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at the time of assessment. All patients underwent full
clinical assessment (history and clinical examination),
measurement of ankle:brachial pressure index (ABPI)
and lower limb venous duplex scan according to a
standardised protocol and the clinico-pathological
data were recorded prospectively on a computerised
database. Arterial colour duplex scan was performed
if the ABPI was less than 0.9. A history of diabetes
mellitus, rheumatoid arthritis, major orthopaedic
intervention, long bone fracture, deep venous throm-
bosis (DVT) and previous venous surgery was
recorded. The duration of current ulcer diathesis was
defined as the period of time from the onset of the first
ulcer episode to the time of assessment at the clinic
and included periods of healing. Malleolar ulceration
was confined to an area which extended from 2.5 cm
below the malleoli to the point where the calf muscles
became prominent posteriorly. Ulcers below this area
were described as foot ulcers, and above this level as
calf ulcers. Ulcers were considered venous if the only
demonstrable abnormality was venous reflux, arterial
if the ABPI was less than 0.9 with a normal venous
duplex, and mixed arterio-venous if the ABPI was
less than 0.9 with venous reflux on duplex. Ulcers
were considered traumatic when there was a clearly
defined significant insult. Lymphoedema was diag-
nosed clinically and lymphangiography was not
performed.
ABPI was measured using a continuous wave hand-
held Doppler ultrasound probe and a mercury sphyg-
momanometer. Colour duplex ultrasonography was
performed using either an ATL Ultramark 9 HDI
(Advanced Technology Laboratories Ltd, Letchworth,
U.K.) or a Diasonics Masters (Sonotron, Bedford, U.K.)
scanner. The superficial and deep venous systems
were examined using 5-MHz and 10-MHz linear
array probes, respectively, with the limb dependent.
The superficial venous system was defined as the long
(LSV) and short saphenous veins (SSV) and calf per-
forating veins. The deep venous system included any
vein deep to but not traversing the lower limb deep
fascia. Venous duplex findings were recorded on a
standard diagram accompanied by a written descrip-
tion. The veins were described as normal, refluxing,
demonstrating continuous flow or stenosed or
obstructed. Venous reflux was defined as the presence
of reversed blood flow for more than 0.5 s on release of
a calf squeeze distal to the segment of vein under
examination. The LSV and SSV were examined at
their origins and distally at sites of perforating veins.
The superficial femoral (SFV) and below knee pop-
liteal (BKPV) segments of the deep venous system
were examined as well as the gastrocnemius vein
(GV). Segmental deep venous reflux (DVR) was
defined as deep venous incompetence in the presence
of at least one competent deep vein valve either above
or below the refluxing segment. Segmental SFV reflux
was defined as an incompetent deep venous segment
above the knee joint with a competent popliteal vein.
Segmental BKPV reflux was defined as an incompe-
tent deep venous segment below the knee joint with a
competent SFV. Segmental GV reflux was confined to
the gastrocnemius vein alone. Deep venous stenosis or
obstruction was defined as absent or reduced forward
flow in the vein after a calf squeeze distal to the
segment under examination with or without visible
thrombus. Continuous flow in the long saphenous
vein was defined as flow at a constant velocity
in contrast to the normal phasic flow changes with
respiration.
Statistical analysis
The Chi squared test was used for statistical analysis.
A probability value of less than 0.05 was regarded as
statistically significant.
Results
Referral patterns
Patients were referred by the following sub-
specialties: general practice (n 433), dermatology
(n 77), plastic surgery (n 20), other surgical special-
ties (n 15), general medicine (n 8) and rheumatol-
ogy (n 2). The median (range) current ulcer duration
was 12 (1±720) months. The duration of current ulcer
diathesis was less than 12 months in 53% of patients,
between 1 and 5 years in 25% of patients and greater
than 5 years in 22% of patients.
Ulcer aetiology
Ulcer aetiology was categorised according to factors
known to cause ulceration rather than those which
contribute to poor ulcer healing (Table 1). One
hundred and thirty-four (24%) patients had bilateral
ulceration and in 17 of these patients the ulcer aeti-
ology was not the same in both limbs. Venous disease
contributed to ulceration in 607 (88%) limbs of which
100 also had significant arterial occlusive disease and
11 had significant lymphoedema. There was a history
of ipsilateral DVT in 104 (15%) limbs and previous
superficial venous surgery in 143 (21%) limbs. Venous
duplex scan and ABPI were normal in 68 limbs and
ulcer biopsy was used for further assessment in eight
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limbs. Sixty seven patients (33 men and 34 women)
with 86 affected limbs had diabetes mellitus. The
ulcer aetiology was venous in 51 limbs, mixed arterio-
venous in 17, lymphoedema in four, mixed lympho-
edema and venous reflux in three, rheumatoid arthritis
in two, traumatic in one patient and eight limbs had
no demonstrable cause other than neuropathy.
Twenty-seven patients (15 men and 12 women) with
35 affected limbs had rheumatoid arthritis. The ulcer
aetiology was venous in 20 limbs, mixed arterio-
venous in five and no cause other than rheumatoid
disease was present in eight limbs.
Chronic venous ulceration
Of 496 chronic venous ulcers, 46 were healed (CEAP
class 5) and 450 were active (CEAP class 6).6 The
patterns of venous reflux in patients with CVU are
shown in Table 2. Of 496 limbs, the ulcer was confined
predominantly to the gaiter area in 471 (95%) limbs,
the calf in 16 and the dorsum of the foot in nine limbs.
The site of ulceration in limbs with isolated superficial
venous reflux (SVR) is shown in Table 3. Previous
varicose vein surgery had been performed in 125
(25%) limbs; sapheno-femoral ligation and stripping
of the LSV in 122 limbs, sapheno-popliteal ligation in
six and ligation of incompetent perforator veins (IPVs)
in seven patients. The patterns of recurrent reflux in
these limbs are shown in Table 4. Seventy of 236 (30%)
limbs with segmental or full-length DVR had under-
gone previous superficial venous surgery.
Duplex demonstrated ipsilateral DVR in: 55 of 78
(71%) limbs with a history of ipsilateral DVT
compared to 178 of 418 (43%) limbs with no history
(p5 0.01); and in 40 of 69 (58%) limbs with a history
of major joint replacement or long bone fracture
compared to 193 of 427 (45%) limbs with no history
(p5 0.05). Nineteen limbs had evidence of deep ven-
ous stenosis (n 10) or obstruction (n 9). There was
a history of ipsilateral DVT in 11 of these limbs and
duplex demonstrated continuous flow in the LSV in
15 limbs.
Primary ulcer treatment in relation to the pattern of
venous reflux is shown in Table 2. Superficial venous
surgery was performed in 211 (43%) limbs of which
eight had interruption of IPVs. Compression bandages
alone were applied in 198 (40%) limbs and hosiery
alone in 58 (12%).
Mixed arterio-venous ulceration
The median ABPI was 0.74 (range, 0.35±41) and four
of these patients had arterial insufficiency with incom-
pressible arteries. The patterns of venous reflux in
patients with mixed arterio-venous ulceration are
shown in Table 5. One limb had deep venous stenosis
and continuous flow in the LSV. The primary ulcer
treatment in relation to the patterns of venous reflux
are shown in Table 5. Superficial venous surgery was
performed in 38 limbs of which three had interruption
of IPVs. Angioplasty was performed in 51 limbs,
femoro-femoral cross-over graft in two limbs and
above knee femoro-popliteal bypass in three limbs.
None of the five patients who had surgical revascular-
isation received post-operative compression. Com-
pression bandages alone were applied in 17 limbs
and hosiery alone in six.
Other causes of lower limb ulceration
Ulceration was secondary to lymphoedema alone in
17 limbs. One limb had evidence of continuous flow in
the LSV. Initial management was three- (n 7) or four-
layer (n 7) compression bandaging, compression
hosiery (n 2) or simple dressings (n 1). Ulceration
was due to mixed lymphoedema and venous reflux in
11 limbs. Nine limbs demonstrated SVR, and one limb
each demonstrated isolated DVR and combined SVR
and DVR. Initial management was three- (n 3) or
four-layer (n 6) compression bandaging and com-
pression hosiery (n 2). One ulcerated limb failed to
respond to compression and split skin grafting was
performed after a normal biopsy. Fifteen limbs with
pure arterial ulceration were managed by infra-
inguinal percutaneous angioplasty (n 13) and simple
dressings alone (n 2).
Fifty limbs had other causes of ulceration (Table 1).
Biopsy was performed in seven limbs and demon-
strated Yaws in one patient and malignancy in three
patients, one of whom had incidental LSV reflux and
IPVs. All of these 50 limbs were managed by layered
Table 1. Ulcer aetiology in 689 limbs.
Aetiological factors Number of limbs (%)
Venous 496 (72)
Mixed arterio-venous 100 (14.5)
Lymphoedema 17 (2.5)
Arterial 15 (2.2)
Lymphoedema and venous 11 (1.6)
Rheumatoid arthritis 10 (1.5)
Traumatic 7 (1.0)
Immobility 7 (1.0)
Malignancy 3 (0.4)
Cardiac failure and cellulitis 1 (0.15)
Yaws 1 (0.15)
Unknown 21 (3)
Total 689
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compression bandaging, compression hosiery or
simple dressings and five received split skin grafts.
Discussion
To our knowledge, the present study represents
the largest reported single-centre experience of the
assessment and management of patients with chronic
leg ulcers presenting to a dedicated single-visit clinic.
During the study period, the population of Leicester-
shire was stable at approximately 900 000. An audit
performed in 1997 demonstrated that 1230 active leg
ulcers were managed in the community in this catch-
ment area. Approximately 100 active leg ulcers were
referred annually to the single-visit leg ulcer assess-
ment clinic and a similar number was seen by each of
four other Vascular Surgeons in their respective
clinics. Therefore, one can estimate that vascular sur-
geons were involved in the management of approxi-
mately 500 of 1730 (29%) active leg ulcers in this
catchment area.
In the present study, isolated venous disease was
responsible for 72% of ulcerated limbs, mixed arterio-
venous disease 15% and isolated arterial disease
in only 2% of limbs presenting to this clinic. In a
Table 2. Patterns of venous reflux and primary treatment in 496 limbs with chronic venous ulceration.
Pattern of reflux Number of
limbs (%)
Treatment Number of limbs
Isolated SVR 230 (46.4) Superficial venous surgery 154
LSV 210 Compression bandages/hosiery 47/17
SSV 49 Simple dressings 11
Above knee amputation 1
SVR IPVs 28 (5.6) Superficial venous surgery 14
LSV 26 Superficial venous surgery IPV interruption 5
SSV 10 IPV interruption alone 2
Compression bandages/hosiery 4/3
SVR sDVR 54 (10.9) Superficial venous surgery 26
LSV 46 Compression bandages/hosiery 19/6
SSV 17 Simple dressings 3
sDVRÿ SFV 19
BKPV 23
GV 12
SVR sDVR IPVs 9 (1.8) Superficial venous surgery 4
LSV 8 Superficial venous surgery IPV interruption 1
SSV 5 Compression bandages 4
sDVR ± SFV 5
BKPV 2
GV 2
SVRDVR 88 (17.7) Superficial venous surgery 3
Superficial venous surgery split skin graft 1
Compression bandages/hosiery 65/16
Simple dressings 3
SVRDVR IPVs 21 (4.2) Superficial venous surgery 1
Superficial venous surgery IPV interruption 2
IPV interruption alone 3
Split skin graft 1
Compression bandages/hosiery 9/5
Isolated DVR 49 (10)
Isolated sDVR 7 (1.4) Compression bandages 50
Isolated IPVs 2 (0.4) Compression hosiery 11
DVR IPVs 7 (1.4) Simple dressings 5
sDVR IPVs 1 (0.2)
SVR superficial venous reflux, sDVR segmental deep venous reflux, DVR full-length deep venous reflux,
IPVs incompetent calf perforating veins, LSV long saphenous vein, SSV short saphenous vein, SFV superficial
femoral vein, BKPV below knee popliteal vein, GV gastrocnemius vein.
Table 3. Site of ulceration in limbs with isolated superficial
venous reflux.
Ulcer site Isolated LSV
reflux (%)
Isolated SSV
reflux (%)
Medial malleolus 65 36
Lateral malleolus 19 62
Bi-malleolar 4 ±
Other 12 ±
LSV long saphenous vein, SSV short saphenous vein.
g
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cross-sectional population study where venous dop-
pler and ABPI were employed, Nelzen et al.7 demon-
strated isolated venous disease in 40% of 463 limbs
with mixed arterio-venous disease in 19% and arterial
disease (with or without DM) in 17%. These and
present data suggest that the majority of patients
with arterial ulceration are being accurately diagnosed
by their physicians and are rarely referred to the vas-
cular service via the single-visit leg ulcer clinic. Lym-
phoedema and rheumatoid arthritis were major
aetiological factors in two-thirds of the remaining
limbs where a cause for ulceration was identified.
Hafner et al.8 have demonstrated that over 50% of
patients with collagen vascular disease and leg ulcers
have concomitant arterial and/or venous disease and
treatment of the macrovascular disease leads to
increased healing rates. In the present study, 25 of 34
(74%) limbs with ulceration and rheumatoid disease
had evidence of co-existing arterial and/or venous
disease. Normal venous duplex excluded venous
reflux as a cause of ulceration in those limbs where
ulceration was ultimately considered to be secondary
to lymphoedema, immobility or an unknown cause.
Ambulatory venous pressure measurements were not
performed but one can speculate that chronic venous
Table 5. Patterns of venous reflux and primary treatment of 100 limbs with mixed arterio-venous ulceration.
Pattern of reflux Number of limbs (%) Treatment Number of limbs
Isolated SVR 36 Revascularisation superficial venous surgery 15
LSV 32 Revascularisation compression 5
SSV 11 Superficial venous surgery alone 9
Compression bandages/hosiery alone 4/2
Simple dressings 1
SVR IPVs 9 Revascularisation superficial venous surgery 2
LSV 8 Revascularisation superficial venous surgery
SSV 5 IPV interruption 1
Revascularisation compression 3
Superficial venous surgery alone 2
Superficial venous surgery IPV interruption 1
SVR sDVR 11 Revascularisation superficial venous surgery 2
LSV 11 Revascularisation compression 5
SSV 2 Phenol sympathectomy superficial venous surgery 1
sDVR ± SFV 6 Superficial venous surgery alone 1
BKPV 3 Compression bandages alone 1
GV 2 Simple dressings 1
SVR sDVR IPVs 3 Revascularisation superficial venous surgery 1
LSV 3 Revascularisation superficial venous surgery
SSV 1 IPV interruption 1
sDVR ± SFV 2 Superficial venous surgery alone 1
BKPV 0
GV 1
SVRDVR 22 Revascularisation compression 12
Superficial venous surgery alone 1
Compression bandages alone 6
Simple dressings 3
Isolated DVR 13 Revascularisation compression 9
Isolated sDVR 2 Compression bandages/hosiery alone 6/3
SVRDVR IPVs 2 Simple dressings 1
sDVR IPVs 2
SVR superficial venous reflux, sDVR segmental deep venous reflux, DVR full-length deep venous reflux, IPVs incompetent calf
perforating veins, LSV long saphenous vein, SSV short saphenous vein, SFV superficial femoral vein, BKPV below knee popliteal
vein, GVgastrocnemius vein.
Table 4. Patterns of recurrent venous reflux in 125 limbs with
chronic venous ulceration.
Duplex findings Number of limbs (%)
Isolated recurrence at original junction 34 (28)
Isolated new junctional recurrencey 13 (10)
Recurrence at original junctionnew
junctional recurrence
8 (6)
Isolated DVR 26 (21)
Recurrence at original junctionDVR 27 (22)
New junctional recurrenceDVR 14 (11)
Recurrence at original junctionnew
junctional recurrenceDVR
3 (2)
Total 125
DVRdeep venous reflux.Recurrent venous reflux only at the site of a previously operated
sapheno-femoral or sapheno-popliteal junction.
yVenous reflux only at the site of a previously unoperated sapheno-
femoral or sapheno-popliteal junction.
g
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hypertension due to calf muscle pump failure may
have been responsible for ulceration in a proportion
of these limbs.
Tassiopoulos et al.9 recently reviewed 13 studies
reported between 1980 and 1998 which used duplex
ultrasound to assess 1249 limbs with CVU. Overall,
92% of limbs demonstrated venous reflux with iso-
lated SVR present in 45% and combined SVR and
DVR in 43% of limbs. In the present study, isolated
SVR (with or without IPVs) was identified in 52%
of limbs with CVU. While there are no randomised
controlled trials of surgery versus compression, pre-
vious work from this institution demonstrates that
superficial venous surgery is associated with improved
ulcer resolution and reduced recurrence in patients
with isolated SVR.10,11 Twenty-five per cent of all
limbs with CVU had previously undergone superficial
venous surgery and over 40% of these had isolated
SVR potentially correctable by re-operation. During
the period under review, patients with isolated SVR
were enrolled in trials comparing venous surgery with
compression bandaging and this may partly explain
why only two-thirds had superficial venous surgery.
A further 13% of limbs demonstrated combined SVR
and segmental DVR. LSV excision has been shown to
restore deep vein competence in the majority of
patients with combined SVR and segmental superfi-
cial femoral vein (SFV) reflux12,13 which suggests an
extended role for superficial venous surgery in the
management of patients with CVU. Full-length DVR
was present in the remaining 33% of limbs. Previous
work from this institution has shown no role for
superficial venous surgery alone in the management
of CVU in this group of patients10 and therefore three-
or four-layered compression bandaging remains the
mainstay of treatment. IPVs were detected in 68 (14%)
limbs almost always in combination with other pat-
terns of venous reflux. The role of interruption of IPVs
in the management of CVU remains to be defined.
History of DVT and previous venous surgery and the
site of ulceration were unreliable clinical markers of
the pattern of venous reflux. DVR was present in only
71% of limbs with a history of ipsilateral DVT and 43%
of limbs with no such history. Seventy of 236 (30%)
limbs with either segmental or full-length DVR had
undergone previous superficial venous surgery. Ulcer
site did not predict the pattern of SVR as 65% of limbs
with isolated LSV or SSV reflux had ulcers confined to
the medial or lateral malleolar area, respectively. Care-
ful venous duplex assessment of the superficial and
deep venous system not only allows accurate non-
invasive assessment of patterns of reflux but also
identifies deep venous stenosis or obstruction. Incre-
mental layered compression bandaging in this group
of patients has been shown to avoid complications
such a tissue necrosis while achieving ulcer healing
rates of 55%.14
Mixed arterio-venous disease has been shown to
be responsible for almost 20% of ulcerated limbs7,15
and there was little difference in the present series
where the incidence was approximately 15%. While
the optimal management of mixed arterio-venous
ulceration is not clearly defined, it is evident that
arterial revascularisation is not necessary to achieve
ulcer healing in the majority of patients. Ghauri et al.15
achieved 64% ulcer healing at 36 weeks in 33 limbs
with moderate arterial disease after six revascularisa-
tions, but only 23% ulcer healing in 13 limbs with
severe arterial disease despite eight revascularisa-
tions. Treiman et al.16 reported a similar overall ulcer
healing rate of 61% at 22 months in 56 limbs all of
whom underwent revascularisation. In the present
series, 56% of limbs with mixed arterio-venous ulcer-
ation were revascularised and percutaneous angio-
plasty was the method of choice in over 90% of
cases.17 With the exception of pure arterial ulcers
which were treated predominantly by angioplasty, all
other ulcer aetiologies were managed by a combin-
ation of dressings, compression bandaging or hosiery,
and split skin grafting.
In conclusion, the present data demonstrate that a
standardised protocol of clinical and duplex ultra-
sound assessment in a single-visit leg ulcer clinic can
lead to a diagnosis in 97% of chronic leg ulcers. His-
torical and clinical findings such as previous venous
surgery, previous history of DVT and site of ulceration
are unreliable methods of assessment and do not cor-
relate well with patterns of venous reflux in patients
with CVU. Previous work from this institution has
demonstrated that clinical examination fails to detect
varicose veins in almost 40% of patients with CVU
secondary to isolated SVR.4 Duplex ultrasound assess-
ment is, therefore, essential to confirm or exclude
venous reflux and allow tailored surgical intervention
for those patients with leg ulcers who many benefit. It
is important to stress, however, that the absence of
venous reflux does not exclude a diagnosis of venous
ulceration. The fundamental cause of venous ulcer-
ation is venous hypertension due to calf muscle
pump failure. Although venous reflux is a common
cause of calf muscle pump failure, there are other
causes such as ankle and knee joint fixation that may
be present in the absence of venous reflux. Conversely,
the finding of venous reflux on duplex does not neces-
sarily imply that this is the main contributor to leg
ulceration. The emphasis must, therefore, be on a
combined clinical and duplex assessment, not the
latter in isolation.
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